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(54) Abstract Title 

Sensing device having a vibrator displaceably supported with respect to a substrate and directed in a 
downward direction when the device is operated 

(57) A sensing device such as an angular speed detecting device 10A may be accommodated in a case 130 
and fitted to a PCB 100. Various electrical components 110 are fitted to the upper side of the PCB 100 and the 
case 130 is displaceably supported with respect to the board 100 via a number of pins 120 so that the angular 
speed detecting device 10A is disposed in a downward direction when the sensing device is operated. The 
case 130 may be maintained in a vacuum state in which a vibrator (20,Fig1) of the angular speed detecting 
device 1 0A can move without the resistance of a gas. 
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SENSING DEVICE AND SENSOR APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

|0001) The invention relates to a sensing device for detecting a physical 
quantity such as angular speed, acceleration, pressure, etc., in accordance with the 
displacement of a vibrator spaced upwards from a substrate. The invention further 
relates to a sensor apparatus including the sensing device. 

2. Description of Related Art " 

[0002] It is well known to provide a sensing device that has a vibrator 
displaceably supported on a substrate, a plurality of electrodes, each of which is 
composed of a movable electrode and a fixed electrode, and a plurality of wirings 
allowing passage of electric signals and that detects a physical quantity such as angular 
speed, and a sensor apparatus including such a sensing device. The movable electrode 
is connected to the vibrator and is displaced together therewith on the substrate. The 
fixed electrode is fixed onto the substrate in such a manner as to face the movable 
electrode. In this kind of sensing device, as disclosed for example in Japanese Patent 
Application Laid-Open No. 10-300475, compensating wirings are additionally 
provided on the substrate for the purpose of eliminating the influence of the parasitic 
capacitance of the above-described wirings, thus attaining an electrically suitable 
balance among the wirings. 

[0003] However, in the sensing device and the sensor apparatus according to 
the above-mentioned related art the electrical characteristic of each of the wirings is 
not taken into consideration. That is, resistance, capacitance, and so on of each wiring 
is different because of the influence of errors (disperse) in length, width, thickness and 
so on of the wirings. Therefore, if a plurality of electrodes are used for driving 
purposes, driving forces of the electrodes disperse. Further, if a plurality of electrodes 
are used for detecting purposes, detection values obtained from the electrodes 
disperse. This will eventually lead to a problem of deterioration in detecting precision 
of the sensing device. 

[0004] Further, in the sensing device of the above-described related art, 
problems associated with the manufacture of beams for supporting the vibrator with 
respect to the substrate are not taken into account. The beams may develop notches 



during the manufacture. Development of notches makes vibrations of the vibrator uneven and 
unstable and eventually causes deterioration in detecting precision of the sensing device. 

SUMMARY OF THE INVENTION 

[0005] The invention is a solution to the above-mentioned problems. It is an object of 
the invention to provide a sensing device and a sensor apparatus capable of precise detection. 

[0006] In order to achieve the above-stated object, the invention provides a sensor 
apparatus having a sensing device having a vibrator displaceably supported with respect to a surface 
of a substrate, at least one electric component, and a board that receives the sensing device and the 
at least one electric component, characterised in: 

that the sensing device is fitted to the board such that the surface of the substrate is 
mounted with the vibrator directed in the gravitational direction when the sensor apparatus is 
operated. 

Preferably the sensing device comprises a vibrator displaceably supported on a substrate, 
a plurality of electrodes each of which comprises a movable electrode that is connected to the 
vibrator and that is displaced together with the vibrator on the substrate and a fixed electrode that 
it fixed onto the substrate in such a manner as to face the movable electrode, and a plurality of 
conductors (or wirings) provided on the substrate and connected to the movable and fixed electrodes 
to allow passage of electric signals, wherein one electrical characteristic is set for those of the 
conductors which allow passage of electric signals of the same kind. 

[0007] In this construction, one electrical characteristic is set for those of the conductors 
which allow passage of electric signals of the same kind. Therefore, if a plurality of electrodes are 
used for driving purposes, driving voltages applied to the electrodes become equal to one another, 
thus reducing dispersion of driving forces. Further, if a plurality of electrodes are used for detecting 
purposes, dispersion in detecting voltages of the electrodes is reduced. As a result, the detecting . 
precision of the sensing device is improved. 

[0008] Preferably, a plurality of beams are provided between the substrate and the 
vibrator to displace the vibrator, the distance between one of the beams and another beam or 
member that is close to one side of the one of the beams and that extends parallel thereto is set equal 
to the distance between the one of the beams and still another beam or member that is close to the 
other side of the one of the beams and that extends parallel thereto. 
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[0009J In this construction, opposed sides of each of the beams are formed 
symmetrically when the conductors are formed by etching. For instance, even if 
notches have developed on opposed sides of each of the beams due to etching, the 
notches are formed symmetrically.. Therefore, dispersion in electrical characteristics 
of the conductors can be easily reduced and thus one electrical characteristic can be 
easily set for a plurality of conductors. 

BRI EF DESCRIPTION OF TH E DRAWING 
[0010] The above and other objects, features, advantages, and technical and 
industrial significance of this invention will be better understood by reading the 
following detailed description of the preferred embodiments of the invention, when 
considered in connection with the accompanying drawings, in which: 

. Fig. 1 is a plan view of an angular speed detecting device comprising a 
semiconductor material according to a first embodiment of the invention; 

Fig. 2 is a sectional view taken along lines Al-Al, A2-A2, A3-A3 and A4-A4 
15 of the angular speed detecting device shown in Fig. 1 ; 

Fig. 3 is a sectional view taken along lines Bl-Bl, B2-B2, B3-B3 and B4-B4 
of the angular speed detecting device shown in Fig. 1 ; 

Fig. 4 is a sectional view taken along lines Cl-Cl, C2-C2, C3-C3 and C4-C4 
of the angular speed detecting device shown in Fig. 1 ; 

Fig. 5A is a sectional view of a semiconductor device, illustrating a situation 
in which a notch develops; 

Fig. 5B is a graph illustrating the distance between members and a situation in 
which a notch develops; 

Fig. 6A is an enlarged plan view of a mass portion shown in Fig. 1; 
Fig. 6B is an enlarged plan view of fixed and movable electrodes shown in 

Fig. 1; 

Fig. 7 is a block diagram of an electric circuit apparatus for detecting the 
angular speed using an angular speed detecting device according to the first 
embodiment; 

Fig. 8 is a plan view of an angular speed detecting device according to a 
second embodiment of the invention; 

Fig. 9 is a sectional view taken along a line 9-9 shown in Fig. 8; and 
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Fig. 10 is a sectional view of an angular speed detecting apparatus mounted 
with the angular speed detecting devices according to the first and second 
embodiments. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0011] In the following description and the accompanying drawings, the 
invention will be described in more detail in terms of specific embodiments. 

[0012] First of all, an angular speed detecting device as a sensing device 
according to a first embodiment of the invention will be described. In Figs. 1 to 4, 
members indicated by dots are spaced from the upper surface of a substrate 10, and 
members indicated by diagonal lines are not spaced from the substrate 1 0 but are fixed 
to the substrate 10. 

[0013] This angular speed detecting device is formed symmetrically about 
centerlines in the direction of X and Y-axes that interest perpendicularly to each other 
on a horizontal plane. The substrate 10 is formed from silicon into a quadrate shape. 
A vibrator 20, a pair of main frames 30-1, 30-2, and a pair of subsidiary frames 30-3, 
30-4 extend in a horizontal plane that is spaced a predetermined distance from the 
upper surface of the substrate 10. 

[0014] The vibrator 20, while vibrating in the direction of the X-axis, 
vibrates in the direction of the Y-axis due to the angular speed occurring about a 
Z-axis perpendicular to the X and Y-axes, with an amplitude proportional to the 
magnitude of the angular speed. The vibrator 20 has a generally "H" shape. That is, 
the vibrator 20 has a generally quadrate mass portion 2 1 which has an appropriate 
mass and which is provided in a central portion of the vibrator 20 in such a manner 
that the sides of the mass portion 21 extend in the direction of the X-axis or the 
Y-axis, and four arm portions 22-1 to 22-4 which extend from corresponding vertex 
sites of the mass portion 21 in the direction of the X-axis. Although not shown in 
Fig. 1, a plurality of quadrate through-holes 21a as shown in Fig. 6A are provided in 
wide regions of the mass portion 21, the arm portions 22-1 to 22-4, and so on. 

[0015] The main frames 30-1,, 30-2 vibrate the vibrator 20 in the direction of 
the X-axis. Each of the main frames 30-1 , 30-2 has a generally "I" shape. That is, 
each main frame has a wide elongated portion 31-1 or 3 1 -2 that extends in the 
direction of the X-axis, at a position that is outward of the adjacent arm portions 22-1, 
22-2 or 22-3, 22-4 of the vibrator 20 with respect to the direction of the Y-axis, and 



wide and short terminal portions 32-1, 32-2 or 32-3, 32-4 that extend from opposite 
ends of the elongated portion 31-1 or 3 1-2 toward opposite sides of the elongated 
portion in the direction of the Y-axis. The subsidiary frames 30-3, 30-4 also have an 
increased width, and extend in the direction of the X-axis, at positions outward of the 
elongated portions 31-1,31-2 with respect to the direction of the Y-axis. 
Through-holes identical with the through-holes 21a in the vibrator 20 are also 
provided in the main frames 30-1, 30-2 and the subsidiary frames 30-3, 30-4. 

[0016] The main frames 30-1, 30-2 are connected to the vibrator 20 via 
beams 33-1 to 33-4. The beams 33-1 to 33-4 also extend in the direction" of the X-axis 
in a horizontal plane spaced a predetermined distance from the upper surface of the 
substrate 10. Each of the beams 33-1 to 33-4 is connected at one end thereof to a near 
basal portion of a corresponding one of the arm portions 22-1 to 22-4 of the 
vibrator 20. The other end of each beam is connected to a corresponding one of the 
terminal portions 32-1 to 32-4 of the main frames 30-1, 30-2, The beams 33-1 to 33-4 
are narrower than the arm portions 22-1 to 22-4 of the vibrator 20, and than the 
elongated portions 31-1, 31-2 and the terminal portions 32-1 to 32-4 of the main 
frames 30-1 , 30-2. Therefore, vibrations in the direction of the Y-axis are not easily 
conveyed from the main frames 30-1, 30-2 to the vibrator 20 whereas vibrations in the 
direction of the X-axis are efficiently conveyed from the main frames 30-1 , 30-2 to the 
vibrator 20. Furthermore, the vibrator 20 vibrates more easily in the direction of the 
Y-axis than in the direction of the X-axis, with respect to the main frames 30-1, 30-2. 
That is, the beams 33-1 to 33-4 have the function of supporting the vibrator 20 in such 
a manner that the vibrator 20 can vibrate in the direction of the Y-axis with respect to 
the substrate 10, the main frames 30-1, 30-2 and the subsidiary frames 30-3, 30-4. 

[0017] The main frame 30-1 is supported for vibrating movements to the 
substrate 10 via anchors 41a to 41 d, beams 42a to 42d, the subsidiary frame 30-3, and 
beams 43a to 43d. The anchors 41a to 4 Id are fixed to the upper surface of the 
substrate 10, at positions outward of the elongated portion 31-1 of the main 
frame 30-1 with respect to the direction of the Y-axis. Each of the beams 42a to 42d 
is connected at one end thereof to a corresponding one of the anchors 41a to 4 Id, and 
extends from the anchor 41a to 41 d outward in the direction of the Y-axis. A distal 
end of each of the beams 42a to 42d is connected to an inward end of the subsidiary 
frame 30-3. Each of the beams 43a to 43d/extending inward of the subsidiary 
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frame 30-3 with respect to the direction of the Y-axis, is connected at one end thereof 
to the subsidiary frame 30-3. The other end of each of the beams 43a to 43d is 
connected to an outward end of the elongated portion 31-1 of the main frame 30-1 
that faces outward in the direction of the Y-axis. The beams 42a to 42d and the 
5 beams 43a to 43d are spaced a predetermined distance from the substrate 10, as in the 
case of the vibrator 20, the main frames 30-1, 30-2 and the subsidiary frames 30-3, 
30-4 and have a reduced width as in the case of the beams 33-1 to 33-4. 

[0018] The main frame 30-2 is supported for vibrating movements to the 
substrate 10 via anchors 44a to 44d, beams 45a to 45d, the subsidiary frame 30-4 and 

10 beams 46a to 46d. The anchors 44a to 44d, the beams 45a to 45d, the subsidiary 

frame 30-4 and the beams 46a to 46d are formed symmetrically about the centerline in 
the direction of the Y-axis and substantially in the same maimer as the anchors 41a to 
4 Id, the beams 42a to 42d, the subsidiary frame 30-3 and the beams 43a to 43d, 
respectively. With this arrangement, the main frames 30-1, 30-2 are supported so that 

15 the main frames easily vibrate in the direction of the X-axis and do not easily vibrate in 
the direction of the Y-axis with respect to the substrate 10. That is, the beams 42a to 
42d, 43a to 43d, 45a to 45d, and 46a to 46d have the function of supporting the main 
frames 30-1, 30-2, the subsidiary frames 30-3, 30-4, and the vibrator 20 in such a 
maimer that they vibrate in the direction of the X-axis with respect to the substrate 10. 

20 [001 9] Provided on the substrate 1 0 are driving electrodes 51-1 to 5 1 -4 for 

driving the main frames 30-1, 30-2 relatively to the substrate 10 in the direction of the 
X-axis, drive monitor electrodes 52-1 to 52-4 for monitoring the driving of the main 
frames 30-1, 30-2 relative to the substrate 10 in the direction of the X-axis, detecting 
electrodes 53-1 to 53-4 for detecting the vibration of the vibrator 20 relative to the 

25 substrate 10 in the direction of the Y-axis, correcting electrodes 54-1 to 54-4 for 

counterbalancing the influence of the diagonal vibrations of the main frames 30-1 , 30-2 
due to the driving (vibration components in the direction of the Y-axis), adjusting 
electrodes 55-1 to 55-4 for adjusting the resonance frequency of the vibrator 20, and 
servo electrodes 56-1 to 56-4 for counterbalancing the vibration of the vibrator 20 in 

30 the direction of the Y-axis. 

[0020] Each of the driving electrodes 51-1 to 51-4 has, at a position outward 
of a corresponding one of the terminal portions 32-1 to 32-4 of the main frames 30-1, 
30-2 with respect to the direction of the X-dxis, each of comb-like electrodes (also 



called "fixed electrode") 51al to 51a4 that has a plurality of electrode fingers that 

extend toward the corresponding one of the terminal portions 32-1 to 32-4 in the 

direction of the X-axis. Each comb-like electrode 51al to 51 a4 is connected to a 

pad 51cl to 51c4 via a wiring (or conductor) portion 51bl to 51b4 that extends 

outward with respect to the direction of the X-axis. The fixed electrodes 51al to 

51a4, the wiring portions 51bl to 51b4, and the pads 51cl to 51c4 are fixed to the 

upper surface of the substrate 10. Each pad 51cl to 51c4 has, on its upper surface, an 

electrode pad 51dl to 51d4 that is formed from an electrically conductive metal (e.g., 
aluminum). 

[0021J The terminal portions 32-1 to 32-4 are provided with comb-like 
movable electrodes 32al to 32a4 each having a plurality of electrode fingers that 
extend outward in the direction of the X-axis. The movable electrodes 32al to 32a4 
face the fixed electrodes 51al to 51a4, respectively. The movable electrodes 32al to 
32a4 are formed together with the terminal portions 32-1 to 32-4, respectively, and are 
spaced a predetennined distance from the upper surface of the substrate 10. Each 
electrode finger of each of the movable electrodes 32al to 32a4 is inserted into a 
widthwise central position between adjacent electrode fingers of the corresponding one 
of the fixed electrodes 51al to 51a4, and faces those adjacent electrode fingers. 

[0022 J Each of the drive monitor electrodes 52-1 to 52-4 has, at a position 
inward of a corresponding one of the terminal portions 32-1 to 32-4 of the main 
frames 30-1, 30-2 with respect to the direction of the X-axis, a comb-like 
electrode 52al to 52a4 having a plurality of electrode fingers that extend toward the 
corresponding one of the terminal portions 32-1 to 32-4 in the direction of the X-axis. 
Each comb-like electrode 52al to 52a4 is connected to a pad 52c 1 to 52c4 via a 
wiring portion 52b 1 to 52b4 that extends outward with respect to the direction of the 
X-axis. The fixed electrodes 52al to 52a4, the wiring portions 52bl to 52b4, and the 
pads 52c 1 to 52c4 are fixed to the upper surface of the substrate 10. Each pad 52c 1 to 
52c4 has, on its upper surface, an electrode pad 52dl to 52d4 that is formed from an 
electrically conductive metal (e.g., aluminum). 

[0023] The terminal portions 32-1 to 32-4 are provided with comb-like 
movable electrodes 32b 1 to 32b4 each having a plurality of electrode fingers that 
extend inward in the direction of the X-axis. The movable electrodes 32b 1 to 32b4 
face the fixed electrodes 52al to 52a4, respectively. The movable electrodes 32b 1 to 
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32b4 are formed together with the terminal portions 32-1 to 32-4, respectively, and are 
spaced a predetermined distance from the upper surface of the substrate 10. Each 
electrode finger of each of the movable electrodes 32bl to 32b4 is inserted to a 
widthwise central position between adjacent electrode fingers of the corresponding one 
5 of the fixed electrodes 52al to 52a4, and faces those adjacent electrode fingers. 

[0024] Each of the detecting electrodes 53-1 to 53-4 has, at a position 
outward of the mass portion 21, a comb-like fixed electrode 53al to 53a4 that has a 
plurality of electrode fingers that extend inward and outward in the direction of the 
X-axis. Each fixed electrode 53al to 53a4 is connected to a pad 53c 1 to 53c4 via a 

10 wiring portion 53b 1 to 53b4 that extends outward in the direction of the X-axis. The 
fixed electrodes 53al to 53a4, the wiring portions 53bl to 53b4, and the pads 53c 1 to 
53c4 are fixed to the upper surface of the substrate 10. Each pad 53c 1 to 53c4 has, on 
its upper surface, an electrode pad 53d 1 to 53d4 that is formed from an electrically 
conductive metal (e.g., aluminum). 

1 5 [0025] The mass portion 21 of the vibrator 20 has comb-like movable 

electrodes 21al to 21a4 each of which has a plurality of electrode fingers that extend 
outward in the direction of the X-axis. Each of the movable electrodes 21al to 21a4 
faces one side of a corresponding one of the fixed electrodes 53al to 53a4. Comb-like 
movable electrodes 22al to 22a4 each of which has a plurality of electrode fingers that 

20 extend inward in the direction of the X-axis are also provided in central regions of the 
arm portions 22-1 to 22-4 of the vibrator 20, respectively. Each of the movable 
electrodes 22a 1 to 22a4 faces the other side of a corresponding one of the fixed 
electrodes 53al to 53a4. The comb-like electrodes 22al to 22a4 face corresponding 
half portions of the comb-like electrodes 53al to 53a4. The movable electrodes 21al 

25 to 21a4 and 22a 1 to 22a4 are formed together with the mass portion 21 and the arm 
portions 22-1 to 22-4, respectively, and are spaced a predetermined distance from the 
upper surface of the substrate 10. Each of the electrode fingers of each of the movable 
electrodes 21al to 21a4 and 22a 1 to 22a4 is inserted between adjacent electrode 
fingers of the corresponding one of the fixed electrodes 53al to 53a4, and faces those 

30 adjacent electrode fingers. In this case, the electrode fingers of each of the movable 
electrodes 21al to 21a4 and 22al to 22a4 are offset toward one side from widthwise 
central positions between adjacent electrode fingers of the corresponding one of the 
fixed electrodes 53al to 53a4. The offset direction in the case of the detecting 



electrodes 53-1, 53-2 is opposite to the offset direction in the case of the detecting 
electrodes 53-3, 53-4. 

[0026] Each of the correcting electrodes 54-1 to 54-4 is provided in an 
inward region of a corresponding one of the terminal portions 32-1 to 32-4 of the main 
frames 30-1, 30-2 with respect to the direction of the Y-axis. The correcting 
electrodes 54- 1 to 54-4 are provided inward and outward with respect to the direction 
of the X-axis. Each of the correcting electrodes 54-1 to 54-4 has a comb-like fixed 
electrode 54a 1 to 54a4 that has a plurality of electrode fingers that extend in the 
direction of the X-axis. Each of the fixed electrodes 54a 1 to 54a4 is connected to a 
corresponding one of the wiring portions 53bl to 53b4 that are also used for the 
detecting electrodes 53-1 to 53-4 respectively. 

[0027J Comb-like movable electrodes 32c 1 to 32c4 each of which has a 
plurality of electrode fingers that extend inward and outward with respect to the 
direction of the X-axis are provided in inward regions of the terminal portions 32-1 to 
32-4 of the main frames 30-1, 30-2 with respect to the direction of the Y-axis, 
respectively. The movable electrodes 32c 1 to 32c4 face the fixed electrodes 54al to 
54a4 respectively. The movable electrodes 32c 1 to 32c4 are formed together with the 
main frames 30-1, 30-2, respectively, and are spaced a predetermined distance from 
the upper surface of the substrate 10. Each of the electrode fingers of each of the 
movable electrodes 32c 1 to 32c4 is inserted between adjacent electrode fingers of the 
corresponding one of the fixed electrodes 54al to 54a4, and faces those adjacent 
electrode fingers. 

[0028] Also herein, the electrode fingers of each of the movable 
electrodes 32c 1 to 32c4 are offset toward one side from widthwise central positions 
between adjacent electrode fingers of the corresponding one of the fixed 
electrodes 54al to 54a4. The offset direction in the case of the correcting 
electrodes 54-1, 54-2 is opposite to the offset direction in the case of the detecting 
electrodes 54-3, 54-4. Further, the offset direction of the electrode fingers of the 
movable electrodes 32c 1 to 32c4 is opposite to the direction in which the electrode 
fingers of the movable electrodes 21al to 21a4 and 22al to 22a4 are offset with 
respect to the electrode fingers of the fixed electrodes 54al to 53a4 respectively in the 
case of the above-mentioned detecting electrodes 53-1 to 53-4. Thus, in this case, the 
changes in capacitance of the correcting electrodes 54- 1 to 54-4 due to displacement 



10 

I 

of the main frames 30-1, 30-2 in the direction of the Y-axis are opposite to the changes 
in capacitance of the detecting electrodes 53-1 to 53-4 due to displacement of the 
vibrator 20 in the direction of the Y-axis. That is, when the main frames 30-1, 30-2 
and the vibrator 20 are displaced in the same direction, namely, in the direction of the 
Y-axis, the correcting electrodes 54-1 to 54-4 increase (decrease) in capacitance 
whereas the detecting electrodes 53-1 to 53-4 decrease (increase) in capacitance. 
While undesired vibrations of the main frames 30-1, 30-2 in the direction of the Y-axis 
may cause changes in capacitance of the correcting electrodes 54-1 to 54-4, undesired 
vibrations of the vibrator 20 in the direction of the Y-axis may cause changes in 
capacitance of the detecting electrodes 53-1 to 53-4. The correcting electrodes 54-1 
to 54-4 and the detecting electrodes 53-1 to 53-4 must be designed such that the 
correcting electrodes 54-1 to 54-4 and the detecting electrodes 53-1 to 53-4 change in 
capacitance in opposite direction and by the same magnitude. 

[0029] Each of the adjusting electrodes 55-1 to 55-4 is provided in a central 
portion of the substrate 10 in the direction of the Y-axis, at a position outward of the 
mass portion 21 of the vibrator 20 with respect to the direction of the X-axis, and has 
a pair of fixed electrodes 55al to 55a4 that extend in the direction of the X-axis. The 
fixed electrodes 55al, 55a3 are connected to a common pad 56c 1 via a common 
wiring portion 55b 1 that extends in the direction of the X-axis. The fixed 
electrodes 55a2, 55a4 are connected to a common pad 56c2 via a common wiring 
portion 55b2 that extends in the direction of the X-axis. The fixed electrodes 55a 1 to 
55a4, the wiring portions 55bl, 55b2, and the pads 55cl, 55c2 are fixed to the upper 
surface of the substrate 10. Each of the pads 55cl, 55c2 has, on its upper surface, an 
electrode pad 55dl, 55d2 formed from an electrically conductive metal (e.g., 
aluminum). 

[0030] Each of the paired fixed electrodes 55al to 55a4 has a paired 
movable electrode 23al to 23a4 that is formed together with the vibrator 20 and that 
extends in the direction of the X-axis. Each of the paired movable electrodes 23al to 
23a4 is disposed in an opposed manner in the direction of the Y-axis. Each of the 
movable electrodes 23 a 1 to 23 a4 is formed together with an inward end of a T-shaped 
portion 23-1 to 23-4 with respect to the direction of the Y-axis. The T-shaped 
portions 23-1 to 23-4 protrude in the direction of the X-axis from opposed sides of the 
mass portion 21 of the vibrator 20 in the di/ection of the X-axis. The T-shaped 
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portions 23-1 to 23-4 and the movable electrodes 23al to 23a4 are formed together 
with the vibrator 20 and spaced a predetermined distance from the upper surface of the 
substrate 10, 

(0031) Each of the servo electrodes 56-1 to 56-4 is provided at a position 
inward of a corresponding one of the detecting electrodes 53-1 to 53-4, and has a pair 
of fixed electrodes 56al to 56a4 that extend in the direction of the X-axis. The fixed 
electrodes 56al to 56a4 are connected to pads 56c 1 to 56c4 via wiring portions 56b 1 
to 56b4 that extend in the direction of the X-axis, respectively. The fixed 
electrodes 56al to 56a4, the wiring portions 56bl to 56b4, and the pads 56c 1 to 56c4 
are fixed to the upper surface of the substrate 10. Each of the pads 56c 1 to 56c4 has, 
on its upper surface, an electrode pad 56dl to 56d4 formed from an electrically 
conductive metal (e.g., aluminum). 

[0032] Each of the paired fixed electrodes 56al to 56a4 has a paired 
movable electrode 23b 1 to 23b4 that is formed together therewith at an outward end 
of the corresponding one of the T-shaped portions 23-1 to 23-4 with respect to the 
direction of the Y-axis. Each of the paired movable electrodes 23b 1 to 23b4 is 
disposed in an opposed manner in the direction of the Y-axis. Each of the movable 
electrodes 23bl to 23b4 is also formed together with the vibrator 20 and spaced a 
predetermined distance from the upper surface of the substrate 10. 

[0033] Furthermore, the substrate 10 has, on its upper surface, a pad 20b 
that is connected to the vibrator 20 via the beams 33-3, 33-4, the main frame 30-2, the 
beams 46a to 46d, the subsidiary frame 30-4, the beam 45a, the anchor 44a, and an 
L-shaped wiring portion 20a. Both the wiring portion 20a and the pad 20b are fixed to 
the upper surface of the substrate 10. The pad 20b has, on its upper surface, an 
electrode pad 20c formed from ah electrically conductive metal (e.g., aluminum). 

{0034J Next, a method of manufacturing an angular speed detecting device 
constructed as described above will be described. First of all, an SOI 
(silicon-on-insulator) substrate, in which a single-crystal silicon layer (e.g., with a 
membrane thickness of 40*m) is disposed on an upper surface of a single-crystal 
silicon layer via a silicon oxidation membrane (e.g., with a membrane thickness of 
4.5*m), is prepared. The uppermost single-crystal silicon layer is reduced in resistance 
by being doped with impurities such as phosphorus and boron. Hereinafter, as shown 
in Figs. 2 to 4, the lowermost single-crystal's ilicon layer, the intermediate silicon 
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oxidation film, and the uppermost single-crystal silicon layer that has been reduced in 
resistance will be referred to as the substrate 1 0, an insulating layer A, and a 
low-resistance layer (electric conductor) B, respectively. 

[0035J Next, regions which are indicated by diagonal lines in Fig. 1 and 
which include the electrode fingers are masked with a resist layer, and the 
low-resistance layer B is etched through reactive ion etching and so on, thus forming 
the anchors 41a to 41d and 44a to 44d, the fixed electrodes 5 lal to 51a4, 52al to 
52a4, 53al to 53a4, 54al to 54a4, 55al to 55a4, and 56al to 56a4, the wiring 
portions 20a, 51bl to 51b4, 52bl to 52b4, 53bl to 53b4, 55bl, 55b2, and 56bl to 
56b4, and the pads 20b, 51cl to 51c4, 52c 1 to 52c4, 53c 1 to 53c4, 55c 1, 55c2, and 
56c 1 to 56c4 (the members described in the foregoing description as being fixed to the 
substrate 1 0) on the insulating layer A. 

[0036] Next, the insulating layer A that remains in regions where the 
above-mentioned members are not formed is etched and eliminated using an aqueous 
solution of hydrofluoric acid and so on, thus forming the vibrator 20, the beams 33-1 
to 33-4, the main frames 30-1, 30-2, the subsidiary frames 30-3, 30-4, the beams 42a 
to 42d, 43a to 43d, 45a to 45d, 46a to 46d, and the movable electrodes 32al to 32a4, 
32bl to 32b4, 21al to 21a4, 22al to 22a4, 32c 1 to 32c4, 23al to 23a4, and23bl to 
23b4 (the members described in the foregoing description as being spaced a 
predetermined distance from the substrate 10). The electrode pads 20c, 51dl to 51d4, 
52dl to 52d4, 53dl to 53d4, 55dl, 55d2, and 56dl to 56d4 are formed on the 
pads 20b, 51cl to 51c4, 52c 1 to 52c4, 53c 1 to 53c4, 55c 1, 55c2, and 56c 1 to 56c4 
respectively through vaporization of aluminum and so on. 

[0037] Thus, the above-described members formed on the substrate 10 (the 
members indicated by dots in Fig. 1) are constituted by the low -resistance layer 
(electric conductor) B that is insulated from the substrate 10. The vibrator 20, the 
beams 33-1 to 33-4, the main frames 30-1, 30-2, the subsidiary frames 30-3, 30-4, the 
beams 42a to 42d, 43a to 43d, 45a to 45d, and 46a to 46d, and the movable 
electrodes 32al to 32a4, 32bl to 32b4, 21al to 21a4, 22al to 22a4, 32cl to 32c4, 
23al to 23a4, and 23bl to 23b4 are spaced a predetermined distance from the 
substrate 1 0 and are supported for vibrating movements to the substrate 1 0 via the 
anchors 4 1 a to 4 1 d and 44a to 44d. 
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[0038] In the manufacturing method as described hereinbefore, high 
detecting precision is achieved if the wiring portions as well as the fixed electrodes and 
the movable electrodes of the electrodes 51-1 to 51-4, 52-1 to 52-4, 53-1 to 53-4, 
54-1 to 54-4, 55-1 to 55-4, and 56-1 to 56-4 are disposed symmetrically about the 
center of the device in four direction. In particular, the wiring portions are equivalent 
in length, width, and thickness for the electrodes of the same kind so that the electrical 
characteristics of the wiring portions such as capacitance and resistance are matched to 
one another. For instance, as shown in Fig. 2, the wiring portions 51bl to 51b4 are 
equivalent in length, width, and thickness, and the wiring portions 52bl to 52b4 are 
equivalent in length, width, and thickness. If the electrical characteristics are 
inconsistent, the detecting precision and the detecting sensitivity deteriorate and 
disperse to an increased extent among different devices. In the device of this 
embodiment, the present standard of manufacturing semiconductor materials 
guarantees to process the electrodes of the same kind to such an extent that the 
dispersion in length and thickness of the wiring portions thereof can be regarded as 
substantially M 0". The processing can be performed such that the dispersion in width 
settles approximately within ±5%, and thus the satisfactory characteristics can be 
achieved. 

[0039] By setting the specific resistance of the low-resistance layer B 
approximately to 0.01 to 0.02Qcm, desirable characteristics are achieved. Naturally it 
is preferred that the specific resistance of the low-resistance layer B be equal to or 
smaller than O.OlQcm, but this is not easy from the viewpoint of manufacturing 
technique. However, it has been revealed that a sufficient detecting sensitivity can be 
obtained even with a specific resistance of about 0.01 to 0.02f2cm Conversely, in the 
electrodes 51-1 to 51-4, 52-1 to 52-4, 53-1 to 53-4, 54-1 and 54-4, 55-1 to 55-4, and 
56-1 to 56-4, if the specific resistance of the low-resistance layer B is increased 
approximately to 3 to 5£lcm, the resistances resulting from the wiring portions 
connecting the fixed electrodes to the pads and the frames and beams connecting the 
movable electrodes to the pads 20b increase with respect to the capacitances of 
capacitors constituted by the fixed electrodes and the movable electrodes. Thus the 
sensitivity of the electrodes deteriorates. 

[0040] In regard to the beams 33-1 to 33-4, 42a to 42d, 43a to 43d, 44a to 
44d, and 45a to 45d, as shown in Figs. 3 and 4, the distances between adjacent beams 
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or members are equivalent and set to 30*m or more. For instance, the elongated 
portion 31-1 of the main frame 30-1 and the arm portion 22-1 of the vibrator 20 are on 
opposed sides of the beam 33-1 with respect to the axial direction thereof A 
horizontal distance LI between the beam 33- 1 and the elongated portion 31-1 of the 
main frame 30-1 and a horizontal distance L2 between the beam 33-1 and the arm 
portion 22-1 of the vibrator 20 are equivalent and set to 30*m or more. The same 
holds true for the beams 33-2 to 33-4. Further, horizontal distances L3, L4, and L5 
among the beams 42a, 43a, 42b, and 43b are equivalent and set to 30*m or more. The 
same holds true for the beams 43c, 42c, 43d, and 42d, the beams 45a, 46a, 45b, and 
46b, and the beams 46c, 45c, 46d, and 45d. 

[0041J By equally spacing one beam from beams on opposed sides thereof, 
the beams can be formed symmetrically with respect to the axial direction and the 
influence exerted on the characteristics of the device can be eliminated. Conversely, if 
one beam is not equally spaced from members such as beams on opposed sides thereof, 
the beams cannot be easily formed symmetrically with respect to the axial direction and 
thus the characteristics of the device are greatly affected. Further, in the case where a 
gap L is left between low-resistance layers B and B as shown in Fig. 5A, if the 
distances LI to L5 are set to 30*m, development of a notch N can be prevented during 
etching in manufacturing processes of the beams. The graph of Fig. 5B shows a 
relation between the gap L and the depth of the notch N. As can also be understood 
from this graph, development of the notch N can be prevented by setting the gap to 
30*m That is, since development of the notch N can be prevented and the dispersion 
among the different parts can be reduced by setting the distances LI to L5 to 30*m or 
more, the detecting precision of the device can be improved. The aforementioned 
setting of distances should be applied not only to the beams but also to other members 
requiring a high degree of dimensional precision. 

[0042] Next, an electric circuit apparatus for detecting the angular speed by 
using the angular speed detecting device constructed as described above will be 
described. Fig. 7 illustrates the electric circuit apparatus in a block diagram. 

[0043] A high-frequency oscillator 61 is connected to the electrode 
pads 53dl, 53d2 that are common to the detecting electrodes 53-1, 53-2 and the 
correcting electrodes 54-1, 54-2. The oscillator 61 supplies the pads 53dl, 53d2 with 
a detecting signal E^in^^t) of a frequency f x that is much higher than the resonance 
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frequency of the vibrator 20. A phase inverting circuit 61a is connected to the 
high-frequency oscillator 61 . The circuit 61a supplies the electrode pads 53d3, 53d4 
that are common to the detecting electrodes 53-3, 53-4 and the correcting 
electrodes 54-3, 54-4 with a detecting signal E 1 sin(27tf 1 t+7t) obtained by inverting the 
phase of the detecting signal E,sin(27if,t). 

[0044] A high-frequency oscillator 62 is connected to the electrode 
pads 52dl, 52d3 of the drive monitor electrodes 52-1, 52-3. The oscillator 62 supplies 
the electrode pads 52dl, 52d3 with a monitoring signal E 2 sin(27if 2 t) of a frequency f 2 
that is much higher than the resonance frequency of the vibrator 20 and that is different 
from the frequency f x . A phase inverting circuit 62a is connected to the high-frequency 
oscillator 62. The phase inverting circuit 62a supplies the electrode pads 52d2, 52d4 
of the drive monitor electrodes 52-2, 52-4 with a monitoring signal E 2 sin(27cf 2 t+7c) 
obtained by inverting the phase of the monitoring signal E 2 sin(27if 2 t). Therefore, if the 
vibrations of the vibrator 20 in the direction of the X and Y-axes are represented by 
E 0x sin(27c^ ) t) and E 0y sin(27C^t), the signals that are outputted from the electrode 
pad 20c and indicate the vibrations in the direction of the X-axis and the Y-axis can be 
expressed as E 2 E OK sin(27ctot) sin(27rf 2 t) and Ej-Eoy-sin^T^Osin^rc^t), where ^ is a 
frequency close to the resonance frequency of the vibrator 20. 

[0045] A driving circuit 70 is connected to the electrode pads 5 1 dl to 5 1 d4 
of the driving electrodes 51-1 to 51-4. The driving circuit 70 generates a drive signal 
based on a signal inputted from the electrode pad 20c via an amplifier 63, and supplies 
the generated signal to the electrode pads 51dl to 51d4. 

[0046] The driving circuit 70 has a demodulating circuit 7 1 , a phase shifting 
circuit 72, and a gain control circuit 73 that are connected to the amplifier 63 in series. 
The driving circuit 70 further has a rectifying circuit 74 that is connected to the 
demodulating circuit 71 and that controls the gain of the gain control circuit 73. 

[0047] The demodulating circuit 71 performs synchronous detection of the 
signal from the electrode pad 20c at the frequency f 2 (i.e., extracts the envelope of 
amplitude of the signal of the frequency f 2 ), and outputs a signal E 0x sin(2Kt^t) 
indicating the component of vibration of the vibrator 20 in the direction of the X-axis. 
The phase shifting circuit 72 advances the phase of an input signal by n/2 for the 
purpose of correction for a delay of n/2 (corresponding to l/87i^ second) of a 
detection signal indicating the vibrations of the vibrator 20 from the signal for driving 
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the vibrator 20, and outputs the phase-advanced signal. The rectifying circuit 74 
performs full-wave rectification of the signal from the demodulating circuit 71 (i.e., 
extracts the envelope of amplitude of the component of vibration of the vibrator 20 in 
the direction of the X-axis), and outputs a signal E^ indicating the amplitude of the 
5 component of vibration of the vibrator 20 in the direction of the X-axis. Note that the 
gain control circuit 73 eliminates ripples included in the output signal from the 
rectifying circuit 74. The gain control circuit 73 controls the amplitude of the output 
signal from the phase shifting circuit 72 so that the amplitude of the input signals of the 
phase shifting circuit 72 and the rectifying circuit 74 (the amplitude of the component 
10 of vibration of the vibrator 20 in the direction of the X-axis) becomes constant, and 
then outputs the amplitude-controlled signal That is, the gain control circuit 73 
controls the signal so that the amplitude of the output signal of the gain control 
circuit 73 decreases as the signal from the rectifying circuit 74 increases, and outputs 
the controlled signal. 

15 [0048] The driving circuit 70 is further provided with adding circuits 75-1, 

75-3 connected to an output of the gain control circuit 73, and adding circuits 75-2, 
75-4 connected to the gain control circuit 73 via a phase inverting circuit 73a. The 
phase inverting circuit 73a inverts the phase of the signal from the gain control 
circuit 73, and outputs the phase-inverted signal. The adding circuits 75-1, 75-2 are 

20 connected to a variable-voltage power supply 76a that outputs a variably adjusted 
direct-current voltage Ej. The adding circuits 75-3, 75-4 are connected to a 
constant- voltage power supply 76b that outputs a fixed direct-current voltage Eg. 

[0049] The adding circuit 75-1 adds the signal E 0x , sin(27t5 ) t) from the gain 
control circuit 73 to the direct-current voltage signal Ej from the variable- voltage 

25 power supply 76a, and supplies the added voltage E T +E 0x , sin(27if 0 t) to the electrode 
pad 51dl of the driving electrode 51-1. The adding circuit 75-2 adds the signal 
E 0x 'sin(27tlflt+7t) from the phase inverting circuit 73 a to the direct-current voltage signal 
Ej. from the variable- voltage power supply 76a, and supplies the added voltage 
E T +E 0x 'sin(27cfi ) t+7i) to the electrode pad 51d2 of the driving electrode 51-2. The 

30 adding circuit 75-3 adds the signal E 0x 'sin(27i4t) from the gain control circuit 73 to the 
direct-current voltage signal Eb from the constant- voltage power supply 76b, and 

supplies the added, voltage E B +E 0K , sin(27t^,t) to the electrode pad 51d3 of the driving 

» 

electrode 51-3. The adding circuit 75-4 adds the signal E^sin^Triot-Wr) from the phase 



17 

inverting circuit 73 a to the direct-current voltage signal Eb from the const ant- volt age 
power supply 76b, and supplies the added voltage E B +E 0x , sin(27i;f 0 t+7r) to the electrode 
pad 5 1 d4 of the driving electrode 51-4. 

[0050] A direct-current variable-voltage power supply 65a is connected to 
the electrode pad 55dl that is common to the adjusting electrodes 55-1, 55-3. A 
direct-current variable- voltage power supply 65b is connected to the electrode 
pad 55d2 that is common to the adjusting electrodes 55-2, 55-4. While the 
direct-current variable- voltage power supplies 65a, 65b may be constituted by a 
plurality of power supplies, it is also possible to use a single power supply commonly. 

{0051] A servo control circuit 80 is connected to the electrode pads 56dl to 
56d4 of the servo electrodes 56-1 to 56-4. The servo control circuit 80 reduces the 
vibrations of the vibrator 20 in the direction of the Y-axis and is composed of a 
demodulating circuit 8 1 , a servo amplifier 82, and a phase inverting circuit 83 . The 

* 

demodulating circuit 8 1 performs synchronous detection of the signal from the 
electrode pad 20c at the frequency f x (i.e., extracts the envelope of amplitude of the 
signal of the frequency f t ), extracts a signal EoySin^Ttfit) indicating the component of 
vibration of the vibrator 20 in the direction of the Y-axis, and outputs the signal 
E 0y sin(27cf o t) as an alternating-current servo control signal. The servo amplifier 82 
amplifies the alternating-current servo control signal with a predetermined gain, and 
supplies the gain-controlled alternating- current servo control signal to the electrode 
pads 56d3, 56d4 of the servo electrodes 56-3, 56-4 for the purpose of 
counterbalancing the vibrations of the vibrator 20 in the direction of the Y-axis (the 
vibrations of the vibrator 20 in the direction of the Y-axis due to the angular speed 
occurring about the Z-axis). The phase inverting circuit 83 inverts the phase of the 
gain-controlled alternating-current servo control signal, and supplies the 
phase-inverted reverse-phase control signal to the electrode pads 56dl , 56d2 of the 
servo electrodes 56-1, 56-2. 

[0052] An output circuit 90 composed of a detecting circuit 91 and an 
amplifier 92 is connected to the servo control circuit 80. The detecting circuit 9 1 
receives an alternating-current servo control signal E^in^re^t) from the servo 
amplifier 82, receives a signal B^sin^TC^t) indicating the vibrations of the vibrator 20 
in the direction of the X-axis due to the driving from the phase shifting circuit 72, 
performs synchronous detection of the alternating-current servo control signal 
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EoySin^Tti^t) with the signal E^sinilnf^t) indicating the vibrations of the vibrator 20 in 
the direction of the X-axis, and outputs a direct-current signal indicating the amplitude 

of the vibrations of the vibrator 20 in the direction of the Y-axis, that is, the 
magnitude of the vibrations of the vibrator 20 in the direction of the Y-axis due to the 
5 angular speed occurring about the Z-axis. The output signal from the phase shifting 
circuit 72 is used herein because it is synchronized with the phase of a Coriolis' force 
resulting from the angular speed of the vibrator 20 occurring about the Z-axis and with 
the alternating-current servo control signal, that is, the angular speed of the vibrator 20 
occurring about the Z-axis. 

10 [0053] Coi-folis' force will be briefly described. If a rectangular coordinate 

system rotating at an angular speed go is assumed relative to a rest rectangular 
coordinate system, motion can be described in a view from the rotating coordinate 
system, taking into consideration the force that acts in the inertia system as well, and 
two other forces, that is, centrifugal force and another force. The latter force is 

1 5 Coriolis 1 force. 

[0054] The amplifier 92, which is connected to the detecting circuit 91 , 
receives the signal E^ and outputs from an output terminal OUT a direct-current signal 
indicating the magnitude of the vibrations of the vibrator 20 in the direction of the 
Y-axis. 

20 [0055] In the embodiment constructed as described above, after the angular 

speed detecting device has been connected to the electric circuit apparatus to 
constitute the angular speed detecting apparatus as shown in Fig. 7, the signal 
indicating the magnitude of the vibrations of the vibrator 20 in the direction of the 
Y-axis is extracted from the output terminal OUT with the angular speed occurring 

25 about the Z-axis being set to "0" prior to the shipment of the apparatus. In this case, 
since the angular speed is "0", the output signal is "0". Should the output signal be 
unequal to "0", the direct-current voltage signal Ep is changed by adjusting the 
variable- voltage power supply 76a so that the output signal becomes "0". 
[0056] This will be further described. Driving voltage signals 

30 E T +E 0x 'sin(27i^ ) t), E T +E Ox , sin(27i^t+7i)=E T -E Ox , sin(27i;f 0 t) are applied to the driving 
electrodes 51-1,51-2, respectively. Driving voltage signals E B +E 0x , sin(27i^ ) t), 
E B +E 0x 'sin(27i^t+7t)=E B -E Ox , sin(27i;^ ) t) are applied to the driving electrodes 51-3, 51-4, 
respectively. In the case where the angular speed detecting device is constructed with 
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high precision, if the direct-current voltage signal Ej from the variable- voltage power 
supply 76a and the direct-current voltage signal Eb from the constant-voltage power 
supply 76b are equally set, equal forces resulting from electrostatic attracting forces 
act on the main frames 30-1, 30-2 in the direction of the X-axis. Thus, the main 
frames 30-1, 30-2 ought to be synchronized at the vibration frequency in the 
direction of the X-axis and vibrate with an equal amplitude. The vibrations are also 
conveyed to the vibrator 20 via the beams 33-1 to 33-4, and the vibrator 20 vibrates 
only in the direction of the X-axis. Accordingly, the signal that has been extracted 
from the output terminal OUT and that indicates the magnitude of the vibrations of the 
vibrator 20 in the direction of the Y-axis ought to be "0". 

[0057] In this case, due to the operation of the high-frequency oscillator 62, 
the phase inverting circuit 62a, and the drive monitor electrodes 52-1 to 52-4, the 
signal E 2 E 0x -sin(27ifot>sin(27tf 2 t) indicating the component of vibration in the direction 
of the X-axis is supplied to the driving circuit 70 via the electrode pad 20c and the 
amplifier 63. The demodulating circuit 71, the rectifying circuit 74, the phase shifting 
circuit 72, and the gain control circuit 73 that constitute the driving circuit 70 operate 
so that the input signal E^sin^TC^t) that is from the electrode pad 20c, and that 
indicates the component of vibration in the direction of the X-axis, becomes always 
constant. Thus, the vibrator 20 always vibrates with a constant amplitude in the 
direction of the X-axis. 

(0058] On the other hand, in the case where the main frames 30-1, 30-2 are 
unevenly driven in the direction of the X-axis due to the dispersion among the 
members of the angular speed detecting device, in particular, the process-wise 
dispersion among the main frames 30-1, 30-2, the beams 33-1 to 33-4, the drive 
electrodes 51-1 to 51-4, and so on (even if the direct-current voltage signals Eb are 
equal to each other), the vibrator 20 vibrates in the direction of the Y-axis. 

Now, driving forces Fl, F2 for the main frames 30-1, 30-2 will be considered. 
The driving force Fl results from the driving voltage signals E T +E 0x 'sin(2nf 0 t), 
E T- E ox'sui(27c^ ) t) and can be expressed by Equation 1 shown below using a 
proportional constant K. 

Equation 1: 

Fl=K^{(E r +E^sin(27i^t)) 2 -(E r -E 0x 'sin(27 C ^t)) 2 } 
=4KE T E 0x , sin(27T^t) 



20 

(0059] The driving force F2 results from the driving voltage signals 
E B +E 0x , sin(27i^ ) t), E B -E 0x , sin(27tf 0 t) and can be expressed by Equation 2 shown below. 
Equation 2: 

F2=K* {(E3+ E 0x 'sin(2^t)) 2 -(E B -E 0x 'sin(27C^ ) t)) 2 } 
5 = 4KE B E 0x , sin(27C^ ) t) 

(0060] As can also be understood from the Equations 1 and 2, the driving 
forces for the main frames 30-1, 30-2 can be adjusted by changing the magnitude of 
the direct-current voltage signal Ej outputted from the variable- voltage power supply 
76a. Thus, the components of vibration of the vibrator 20 and the main frames 30- 1 , 
1 0 30-2 in the direction of the Y-axis can be eliminated. 

[0061] The resonance frequency of the vibrator 20 in the direction of the 
Y-axis is adjusted by adjusting the voltages of the direct-current variable-voltage 
power supplies 65a, 65b. That is, if the voltages of the direct-current variable- voltage 
power supplies 65a, 65b are changed, the magnitudes of electrostatic attracting forces 
15 generated by the adjusting electrodes 55-1 to 55-4 change, and the amount of 

displacement of the vibrator 20 for a force in the direction of the Y-axis, that is, the 
spring constant of the detecting beams 33-1 to 33-4 is changed. Thus, the resonance 
frequency of the vibrator 20 in the direction of the Y-axis is appropriately adjusted. 

[0062] Next, the operation of detecting the angular speed occurring about 
20 the Z-axis using the angular speed detecting apparatus adjusted as described above will 
be described. First of all, the angular speed detecting apparatus is fixed to an object 
the angular speed of which is to be detected, and then, the electric circuit apparatus is 
operated as described above. 

[0063] If an angular speed occurs about the Z-axis while the above-described 
25 state is maintained, the vibrator 20 starts to vibrate in the direction of the Y-axis with 
an amplitude proportional to the angular speed due to Coriolis 1 force. 

[0064] In this case, due to the vibrations of the vibrator 20 in the direction of 
the Y-axis, the capacitance of the detecting electrodes 53-1 to 53-4 changes in 
accordance with the vibrations. The change in capacitance appears in the electrode 
30 pad 20c as a signal modulated in amplitude from the detecting signals E^in^rcfjt) and 
E 1 sin(27cf 1 t+n)=-E l sin(27cfit) outputted from the high-frequency oscillator 61 and the 
phase inverting circuit 61a, that is, as a signal E l E 0y sin(27t^t) sin(27i;f 1 t). The signal is 
then outputted to the servo control circuit 80 via the amplifier 63 . 
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[0065] On the other hand, even while the main frames 30-1 , 30-2 and the 
vibrator 20 are vibrating with respect to the substrate 10 in a direction diagonal to the 
X-axis due to the driving of the driving electrodes 51-1 to 51-4, the influence of the 
diagonal vibration is eliminated by the correcting electrodes 54-1 to 54-4. That is, the 
high-frequency detecting signal from the high-frequency oscillator 61 is supplied to the 
fixed electrodes 53a 1, 53a2 of the detecting electrodes 53-1, 53-2 and the fixed 
electrodes 54al, 54a2 of the correcting electrodes 54-1, 54-2. The signal that is from 
the phase inverting circuit 61a and that is obtained by inverting the phase of the 
high-frequency signal is supplied to the fixed electrodes 53a3, 53a4 of the detecting 
electrodes 53-3, 53-4 and the fixed electrodes 54a3, 54a4 of the correcting 
electrodes 54-3, 54-4. 

[0066] As described above, when the main frames 30-1, 30-2 and the 
vibrator 20 are displaced in the same direction along the Y-axis, the capacitance of the 
correcting electrodes 54-1 to 54-4 changes in inverse relation to the capacitance of the 
detecting electrodes 53-1 to 53-4. Therefore, if the vibrator 20 and the main 
frames 30-1, 30-2 vibrate simultaneously in the direction diagonal to the X-axis, the 
change in capacitance of the correcting electrodes 54-1 to 54-4 is eliminated from the 
change in capacitance of the detecting electrodes 53-1 to 53-4. The change in 
capacitance of the detecting electrodes 53-1 to 53-4 results from the component of 
vibration of the vibrator 20 in the direction of the Y-axis. The change in capacitance 
of the correcting electrodes 54-1 to 54-4 results from the components of vibration of 
the main frames 30-1, 30-2 in the direction of the Y-axis. Thus, the signal 
E r E 0y -sin(27c5)t) •sin(27cf 1 t) that is free from the influence of the diagonal vibrations of 
the main frames 30- 1 , 30-2 and the vibrator 20 and that is obtained by modulating the 
amplitude of the high-frequency signal E l sin(27if 1 t) with the vibration of the 
vibrator 20 in the direction of the Y-axis is outputted from the amplifier 63 to the 
servo control circuit 8 1 . 

[0067] The servo control circuit 80 demodulates the signal 
E, E 0y sin(27c^ ) t) sin(2f,t) in the demodulating circuit 81 and extracts the signal 
E 0y -sin(27tfot) indicating the vibrations of the vibrator 20 in the direction of the Y-axis. 
The servo amplifier 82 and the phase inverting circuit 83 supply the servo 
electrodes 56-1 to 56-4 with an alternating-current servo control signal, that is, a 
control signal for reducing the vibration of the vibrator 20 in the direction of the 
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Y-axis, based on the signal Eoy Sin(27r^t). Therefore, the servo electrodes 56-1 to 56-4 
suppress the vibration of the vibrator 20 in the direction of the Y-axis, that is, the 
vibration of the vibrator 20 in the direction of the Y-axis resulting from the angular 
speed occurring about the Z-axis. Ideally the amplitude of the vibration of the 
5 vibrator 20 in the direction of the Y-axis is controlled to M 0". 

[0068] Further, the alternating-current servo control signal from the servo 
amplifier 82 is also supplied to the detecting circuit 91 of the output circuit 90. This 
alternating-current servo control signal is proportional to the signal Eoy Sin(27i:^t) 
indicating the vibrations of the vibrator 20 in the direction of the Y-axis, and the 

10 detecting circuit 91 detects the signal E 0y -sin(27i;^t) at the resonance frequency of the 
vibrator. Therefore, the direct-current signal E^ indicating the magnitude (amplitude) 
of the vibrations in the direction of the Y-axis is outputted from the detecting 
circuit 91 . The direct-current signal E^ is then outputted via the amplifier 92. Thus, 
although the vibrator 20 is actually not vibrating in the direction of the Y-axis, the 

1 5 signal indicating the magnitude of the angular speed occurring about the Z-axis is 

extracted. Due to such an effect of servo control, the vibration of the vibrator 20 in 
the direction of the Y-axis resulting from the angular speed occurring about the Z-axis 
is prevented from being inputted again to the vibrator 20 via the substrate 10. 
Therefore, generation of noise resulting from the re-inputting of the vibration is 

20 suppressed and thus the precision in detection of the angular speed can be improved. 

[0069] Next, an angular speed detecting device according to a second 
embodiment of the invention will be described. Fig. 8 shows the angular speed 
detecting device of the second embodiment in a plan view. The angular speed 
detecting device of the second embodiment is characterized in that wiring patterns 

25 extend from pads and that the wiring patterns are devised ingeniously. For 

simplification, the drawing of this angular speed detecting device shows only the 
driving electrodes 51-1 to 51-4 and the detecting electrodes 53-1 to 53-4 and omits 
the drive monitor electrodes 52-1 to 52-4, the correcting electrodes 54-1 to 54-4, the 
adjusting electrodes 55-1 to 55-4, and the servo electrodes 56-1 to 56-4. 

30 [0070] Each of the wiring portions 51bl, 5 lb2 of the driving 

electrodes 51-1,51-2 has, at its outward end, an anchor 5 1 e 1 , 5 1 e2. In the drawing, 
anchors 51fl, 51 £2 are provided below the anchors 5 lei, 51e2, respectively. 
Anchors 51gl, 51g2 are provided inward of the anchors 51fl, 51 £2, respectively, with 
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respect to the direction of the X-axis. In the drawing, anchors 51hl, 51h2 are 
provided below the anchors 51gl, 51g2, respectively. Fig. 9 shows the anchors 5 lei, 
51fl as the representative of the anchors 5 lei to 51 hi and 51e2 to 51h2. These 
anchors are designed to fix the low-resistance layer (electric conductor) B onto the 
substrate 10 via the insulating layer A. The anchors 5 lei to 5 Ihl are interconnected 
by wiring patterns 51il to 51kl, and the anchors 5 le2 to 51h2 are interconnected by 
wiring patterns 51i2 to 51k2. Fig. 9 shows the wiring pattern 51il as the 
representative of the wiring patterns 51il to 51kl and 51i2 to 51k2. These wiring 
patterns are constituted by the low-resistance layer (electric conductor) B that is 
spaced from the substrate 10. Electrode pads 51ml, 51 m2 are provided on the 
anchors 51hl, 51h2 respectively. 

[0071] In the drawing, each of the fixed electrodes 51a3, 51a4 of the driving 
electrodes 51-3, 51-4 has, at its lower end, an anchor 51e3, 51e4. Anchors 51f3, 51f4 
are provided inward of the anchors 51e3, 51e4, respectively, with respect to the 
direction of the X-axis. In the drawing, anchors 51g3, 51g4 are provided below the 
anchors 5 IB, 51f4 respectively. The anchors 51e3 to 51g3 and 51e4 to 51g4 are also 
designed to fix the low-resistance layer (electric conductor) B onto the substrate 10 via 
the insulating layer A. The anchors 51e3 to 51g3 are. interconnected by wiring 
patterns 51h3, 51i3, and the anchors 51e4 to 51g4 are interconnected by wiring 
patterns 51h4, 51i4. The wiring patterns 51h3, 51i3, 51h4 and 51i4 are also 
constituted by the low-resistance layer B that is spaced from the substrate 10. The 
electrode pads 51j3, 51j4 are provided on the anchors 51g3, 51g4 respectively. 

J0072] Each of the wiring portions 53bl to 53b4 of the driving 
electrodes 53-1 to 53-4 has, at its outward end, an anchor 53el to 53e4. In the 
drawing, anchors 53 fl to 51f4 are provided below the anchors 53el to 53e4, 
respectively. Anchors 53gl to 53g4 are provided inward of the anchors 53 fl to 53 f4, 
respectively, with respect to the direction of the X-axis. In the drawing, anchors 53hl 
to 53h4 are provided below the anchors 53gl to 53g4, respectively. The anchors 53el 
to 53hl, 53e2 to 53h2, 53e3 to 53h3, and 53e4 to 53h4 are designed to fix the 
low-resistance layer (electric conductor) B onto the substrate 10 via the insulating 
layer A. The anchors 53el to 53hl, 53e2 to 53h2, 53e3 to 53h3, and 53e4 to 53h4 are 
interconnected by wiring patterns 53il to 53kl, 53i2 to 53k2, 53i3 to 53k3, and 53i4 
to 53k4 respectively. The wiring patterns 53il to 53kl, 53i2 to 53k2, 53i3 to 53k3, 
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and 53i4 to 53k4 are also constituted by the low-resistance layer (electric conductor) 
B that is spaced from the substrate 10. Electrode pads 53ml to 53m4 are provided on 
the anchors 53hl to 53 h4 respectively. 

[0073] Further, the anchor 44a and the pad 20b are electrically connected by 
5 a wiring pattern 20f that is spaced a predetermined distance from the substrate 10. 
Furthermore, a grounding anchor 20d that fixes the low-resistance layer (electric 
conductor) B to the substrate 10 via the insulating layer A is also provided on the 
substrate 10. 

[0074| Also, in the case where the drive monitor electrodes 52-1 to 52-4, the 
10 correcting electrodes 54-1 to 54-4, the adjusting electrodes 55-1 to 55-4, and the 

servo electrodes 56-1 to 56-4 are provided on the substrate 10, the wiring patterns as 
described above are formed. The angular speed detecting device of the second 
embodiment is also formed according to a manufacturing method identical with that of 
the first embodiment, and is able to detect the angular speed occurring about the 
1 5 Y-axis that is perpendicular to the substrate 1 0, due to the connection of an electric 
circuit apparatus (Fig. 7) identical with that of the first embodiment. 

[0075] In this case, since the wiring patterns are spaced from the upper 
surface of the substrate 10, their capacitance can be reduced. That is, the capacitance 
C of the wiring patterns and the substrate 10 can be expressed by Equation 3 shown 
20 below. 

Equation 3: 
C = e-S/d 

[0076] In Equation 3, S is the area of surfaces of the wiring patterns facing 
the substrate 10, d is the distance between the surfaces of the wiring patterns and the 

25 surface of the substrate 10, and e is the dielectric constant of a material filling a space 
between the surfaces of the wiring patterns and the substrate 10. The relative 
dielectric constant of silicon oxide Si0 2 constituting the insulating layer A (the ratio of 
the dielectric constant of silicon oxide Si0 2 to the dielectric constant of a vacuum) is 
"3.8". The relative dielectric constant of air is about 1.0. 

30 [0077] Thus, the parasitic capacitance C of the wiring patterns and the 

substrate 10 can be reduced even in the air by spacing the wiring patterns from the 
substrate 10 as in the second embodiment. The parasitic capacitance C can be further 
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reduced by covering the upper surface of the angular speed detecting device with a 
case for accommodating the vibrator 20 and vacuumizing the case. 

(0078) As a result, according to the second embodiment, the influence of the 
parasitic capacitance of the wiring patterns on the fixed electrodes can be reduced. 
That is, according to the second embodiment, the precision in driving the vibrations of 
the vibrator 20 by the driving electrodes 51-1 to 51-4 can be improved, and the 
precision in detecting the vibrations of the vibrator 20 by the detecting electrodes 53-1 
to 53-4 can be improved. Also, in the case where the drive monitor electrodes 52-1 to 
52-4, the correcting electrodes 54-1 to 54-4, the adjusting electrodes 55-1 to 55-4, and 
the servo electrodes 56-1 to 56-4 are provided on the substrate 10, the effect as 
described above can be expected due to the wiring patterns. 

[0079] Next, a method of dimensioning the members of the angular speed 
detecting device as described above will be described. 

[0080] The dimensional change of the members of the angular speed 
detecting device resulting from a processing such as etching is denoted by AW, and the 
dimensions of the members of the angular speed detecting device that require high 
precision, that is, the dimensions of the short-distance members of the angular speed 
detecting device are defined as follows. The width of the frames surrounding the 
square through-holes 2 1 a in the mass portion 2 1 is denoted by Wm as shown in 
Fig. 6(a). The width of the beams 33-1 to 33-4, 42a to 42d, 43a to 43d, 45a to 45d, 
and 46a to 46d is denoted by Wk. As shown in Fig. 6(b), the width of the electrode 
fingers of the movable and fixed electrodes of the driving electrodes 51-1 to 51-4 is 
denoted by Wd, and the distance among the electrode fingers is denoted by Dd. The 
width of the electrode fingers of the movable and fixed electrodes of the drive monitor 
electrodes 52- 1 to 52-4 is denoted by Wc, and the distance among the electrode 
fingers is denoted by Dc. The width of the electrode fingers of the movable and fixed 
electrodes of the detecting electrodes 53-1 to 53-4 is denoted by Ws, and the distance 
among the electrode fingers is denoted by Ds. The width of the electrode fingers of 
the movable and fixed electrodes of the servo electrodes 56-1 to 56-4 is denoted by 
Wa, and the distance among the electrode fingers is Da. 

[0081] In the case where servo control is performed as described above, 
since a Coriolis' force (a force that acts on the vibrator 20 in the direction of the Y-axis 
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due to the angular speed) 2-M* V-fl is equal to a servo force 
e S {(V dc +V 0 ) 2 }-(V dc -V 0 ) 2 }/2 Da 2 , Equation 4 shown below is established. 
Equation 4: 

2MV.n=eS.{(V dc +V 0 ) 2 -(V dr V 0 ) 2 }/2D^ 

(0082) In Equation 4, M is the mass of the mass portion 21, V is the drive 
vibration speed of the mass portion 21, CI is the angular speed (yaw rate), e is the 
dielectric constant, S is the area of the servo electrodes 56-1 to 56-4, V dc is the 
direct-current bias voltage of the servo electrodes 56-1 to 56-4, and V 0 is the 
alternating-current output voltage. Equation 4 is modified into Equation 5 shown 
below. 

Equation 5: 

V 0 =MDa 2 .Vn/eSV dc 

[0083] It is assumed herein that Ad denotes the driving amplitude and that 
cod denotes the driving resonance frequency. Because the driving vibration speed V is 
equal to the product Ad-cod of the driving amplitude Ad and the driving resonance 
frequency cod, Equation 6 shown below is established. 

Equation 6: 

V 0 =M Da 2 -Ad- cod- 0/e-S-V dc 

[0084] If the dimensional change AW is taken into consideration, Equation 6 
is expressed as Equation 7 shown below. 
Equation 7: 

V 0 =M(l+AWAVm)-Da 2 <l-AW/Da) 2 -Ad(l-AW/Dc) ■ cDd (l+AWAVk)-0/ 

eS.V dc 

[0085] By modifying the right side of Equation 7, Equation 8 shown below is 
substantially established. 
Equation 8: 

V 0 =M-Da 2 -Ad-Qd-Q { 1+AW( 1 AVm-2/Da-l/Dc+l /Wk)}/e-SV dc 
[0086] As long as (l/Wm-2/Da-l/Dc+l/Wk) in Equation 8 is made equal to 
"0", even if the dimensional change AW has increased to a certain extent, the output 
voltage V 0 is defined as in Equations 5 and 6 without being affected by the dimensional 
change AW. Thus, if the widths Wm, Wk and the distances Da, Dm are set such that 
Equation 9 shown below is established (e.g.- Wm=Wk=4*m, Da=8*m, and Dc=4*m), 
a stable sensitivity of the angular speed detecting device can be obtained without being 
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affected by errors (dispersion) in the manufacturing processes thereof. That is, the 
detecting precision of the angular speed detecting device is improved. Such a design 
also brings about an improvement in the yield of the angular speed detecting device. 
Equation 9: 

1 /Wm+ 1 AVk-2/Da- 1/Dc=0 

(0087J In the case where servo control is not performed in an angular speed 
detecting device as described above, that is, in the case of an open loop with the servo 
electrodes 56-1 to 56-4 dispensed with, if the widths Wm, Wk and the distances Ds, 
Dc are set by a calculation as described above such that Equation 1 0 shown below is 
established, the influence of errors (dispersion) in the manufacturing processes of the 
angular speed detecting device can be eliminated. 

Equation 10: 

1 /Wm- 1 AVk-2/Ds- 1 /Dc=0 

[0088] Next, an angular speed detecting apparatus (angular speed sensing 
apparatus) mounted with an angular speed detecting device (angular speed sensing 
device) 10A according to the above-described first and second embodiments will be 
described. Fig. 10 shows the apparatus in a sectional view. 

[0089) This angular speed detecting device .1 OA is accommodated in a 
case 130 fitted to a print-circuit board 100. Various electric circuit components 1 10 
are fitted to an upper surface of the print-circuit board 100, and the case 130 is fitted 
on the side of a lower surface of the board 100 via a plurality of pins 120. The 
case 130 is maintained in a vacuum state in which the vibrator 20 of the angular speed 
detecting device 10A can move without the resistance of a gas, such as air. In the case 
of the second embodiment, the capacity of the wiring patterns is reduced taking into 
consideration the fact that the relative dielectric constant is low in a vacuum. In the 
example in which this angular speed detecting device is mounted, the gravity works 
downwards in the drawing, and Fig. 10 shows the angular speed detecting apparatus in 
use. The terms "downwards" and "lower surface" and so on in the present 
specification indicate the gravitational direction whereas the terms "upwards" and 
"upper surface" and so on indicate a direction opposite to the gravitational direction. 

[0090] The case 130 is composed of a flat mounting plate 131 and a 
cover 132. A flat fixture plate 133 is fixed to a lower surface of the mounting 
plate 131, and the angular speed detecting device 10A and a circuit device 10B are 
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fixed to a lower surface of the fixture plate 133 in which the substrate 10 facing 
upwards. The circuit device 10B is formed from semiconductor materials as in the 
case of the angular speed detecting device 10A, and various electric circuits such as 
the driving circuit 70, the servo control circuit 80, the output circuit 90, and so on as 
5 shown in Fig. 7 are disposed on the substrate. In the angular speed detecting 

device 10A and the circuit device 10B, the various functional components on the 
substrate 1 0 are disposed in such a manner as to face downwards (in the gravitational 
direction). For example, the angular speed detecting device 10A, the surface of the 
substrate 10 (the surface facing the vibrator 20) is directed downwards, and the 

10 vibrator 20 is located below the substrate 10. 

[0091] The angular speed detecting device 10A and the circuit device 10B 
are electrically connected by a plurality of lead wires 134. Further, wiring patterns are 
formed also on the lower surface of the fixture plate 133 and are electrically connected 
to the circuit device 1 OB via a plurality of lead wires 135. The pins 120 also have the 

15 function of electrically connecting the fixture plate 133 to the print-circuit board 100 
and are electrically connected to the wiring patterns on the fixture plate 133 via a 
plurality of lead wires 136. 

[0092] The print-circuit board 100 is supported on an inner bottom surface 
of a package 150 by a supporting member 140. The supporting member 140 is formed 

20 from an elastic material such as rubber and resin so that vibrations from the 
package 150 cannot be easily conveyed thereto. 

[0093] In the case where an angular speed sensing apparatus constructed in 
this manner is installed in a vehicle, it is appropriate that the resonance frequency of 
the vibrator 20 of the angular speed detecting device 1 OA be 4 to 7KHz. That is, the 

25 package 1 50 is fitted to a vehicle body such that the resonance frequency is 
approximately 2KHz or less. In the case where the angular speed detecting 
device 1 OA is fitted to the print-circuit board 1 00 as described above, the resonance 
frequency of the print-circuit board 1 00 is approximately 1 OKHz or more. In other 
words, if the angular speed detecting device 10A is securely fitted to the print-circuit 

30 board 100, the resonance frequency of the entire print-circuit board 100 can be easily 
set to lOKHz or more. Thus, if the resonance frequency of the vibrator 20 is 
approximately set to 4 to 7KHz, the angular speed generated in the vehicle, that is, the 
yaw rate can be precisely detected based on vibrations of the vibrator 20 without being 
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affected by the resonance frequencies of the vehicle body and the print-circuit 
board 100. 

[0094] In the angular speed detecting device 10A as described above, if dirt 
or dust falls on the surface where the vibrator 20 is disposed, displacement of the 
vibrator 20 is hindered and the angular speed cannot be detected with precision. 
However, in this case, since the angular speed detecting device 10A is accommodated 
in the case 130 as described above, dirt, dust, and other contaminants are prevented 
from entering the space around the angular speed detecting device 1 OA. During use of 
this angular speed sensing apparatus, since the angular speed detecting device 10A is 
fixed to the print-circuit board 100 so that the surface of the substrate 10 where the 
vibrator 20 is disposed is directed in the gravitational direction, dirt, dust, and so on 
are prevented from falling on the surface of the vibrator 20 and the surface of the 
substrate 10 where the vibrator 20 is disposed. For these reasons, displacement of the 
vibrator 20 is stabilized and thus the detecting precision of the angular speed sensing 
apparatus is improved. If the inner surface of the case 130 is coated with an adhesive 
material, for instance, if the inner surface of the case 130 is taped with an adhesive 
tape, dirt in the case 130 and dirt and dust around the vibrator 20 can be removed 
more effectively. 

[0095J Furthermore, according to this embodiment, the different electric 
circuit components 1 10 are fitted to the upper surface of the print-circuit board 100, 
and the case 130 accommodating the angular speed detecting device 10A is fitted to 
the lower surface of the board 100. Therefore, the entire package 150 constituting the 
angular speed detecting apparatus (angular speed sensing apparatus) can be 
constructed in a compact size. 

[0096] The above-described embodiments are concerned with examples in 
which the invention has been applied to an angular speed detecting apparatus. 
However, the invention is also applicable to an accelerator detecting device, an 
accelerator detecting apparatus, a pressure detecting device, and a pressure detecting 
apparatus for detecting physical quantities such as force, pressure, and so on resulting 
from an acceleration acting on the vibrator 20 based on displacement thereof Also, in 
these cases, displacement of the vibrator 20 is detected by the detecting electrodes 
53-1 to 53-4, but there is no need to vibrate the vibrator 20. Therefore, the driving 
electrodes 51-1 to 51-4 and the drive monitor electrodes 52-1 to 52-4 can be 
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dispensed with. It is also appropriate for the widths Wm, Wk and the distances Ds, Dc 
of the acceleration detecting device to be set suitably, for the purpose of 
counterbalancing the influence of the dimensional change AW of the component 
members as in the case of the angular speed detecting device 10A. To be more 
precise, if servo control is performed, it is appropriate that Equation 1 1 shown below 
be established. If servo control is not performed, it is appropriate that Equation 12 
shown below be established. 

Equation 1 1 : 

l/Wm-2/Da=0 

Equation 12: 

l/Wm-3/Wk+2/Ds=0 

[0097| In the illustrated embodiment, the controller (shown in Figure 7) is 
implemented as a programmed general purpose computer. It will be appreciated by 
those skilled in the art that the controller can be implemented using a single special 
purpose integrated circuit (e.g., ASIC) having a main or central processor section for 
overall, system-level control, and separate sections dedicated to performing various 
different specific computations, functions and other processes under control of the 
central processor section. The controller can be a plurality of separate dedicated or 
programmable integrated or other electronic circuits or devices (e.g., hardwired 
electronic or logic circuits such as discrete element circuits, or programmable logic 
devices such as PLDs, PLAs, PALs or the like). The controller can be implemented 
using a suitably programmed general purpose computer, e.g., a microprocessor, 
microcontroller or other processor device (CPU or MPU), either alone or in 
conjunction with one or more peripheral (e.g., integrated circuit) data and signal 
processing devices. In general, any device or assembly of devices on which a finite 
state machine capable of implementing the procedures described herein can be used as 
the controller. A distributed processing architecture can be used for maximum 
data/signal processing capability and speed. 

[0098] While the invention has been described with reference to preferred 
embodiments thereof, it is to be understood that the invention is not limited to the 
preferred embodiments or constructions. To the contrary, the invention is intended to 
cover various modifications and equivalent arrangements. In addition, while the 
various elements of the preferred embodiments are shown in various combinations and 
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configurations, which are exemplary, other combinations and configurations, including 
more, less or only a single element, are also within the spirit and scope of the 
invention. 
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CLAIMS 

1 . A sensor apparatus having a sensing device having a vibrator displaceably supported 
with respect to a surface of a substrate, at least one electric component, and a board that receives the 
sensing device and the at least one electric component, characterised in: 

that the sensing device is fitted to the board such that the surface of the substrate is 
mounted with the vibrator directed in the gravitational direction when the sensor apparatus is 
operated. 

2. The sensor apparatus according to Claim 1, characterised in: 

that the sensing device has a plurality of electrode pairs, each having a movable electrode 
that is connected to the vibrator and that is displaced together with the vibrator on the substrate and 
a fixed electrode that is fixed onto the substrate facing the movable electrode, and a plurality of 
conductors provided on the substrate and connected to the electrode pairs to allow a passage of 
electric signals, and 

a conductive characteristic of the same kind of the conductors are kll similar. 

3. The sensor apparatus according to Claim 1, characterised in: 

that the sensing device has a plurality of electrode pairs, each having a movable electrode 
that is connected to the vibrator and that is displaced together with the vibrator with respect to the 
substrate and a fixed electrode that is fixed onto the substrate facing the movable electrode, and a 
plurality of conductors that are provided on the substrate and that are electrically connected to the 
electrode pairs to allow a passage of electric signals, 

at least some of the conductors connected to the fixed electrode being spaced from the 
substrate. 

4. The sensor apparatus according to Claim 1, characterized in: 

that the vibrator is spaced above the substrate and the sensing device having a plurality of 
beams that displaceably support the vibrator with respect to the substrate, in which a distance 
between a first one of said beams and an adjacent beam upon either side of the first beam, extends 
equidistant and parallel to the first beam. 
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5. The sensor apparatus according to any. one of Claims 1 through 4, characterised 
that the sensing device is disposed inside a case. 

6. The sensor apparatus according to Claim 5, characterised in: 
that an inside of the case is maintained in a vacuum. 
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